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ABSTRACT OF THE INVENTION 



A self-^mdioriiig tod is disclosed that can be ^ 

5 The tool has an aidtitecture that supports mstaUation by tunning downhole and into 
engagement widi a groove fomied in fl» casmg. called the profile nip^^^ The tool 
readily supports use of weak materials such as plastic, for components of the tool that 
must be drilled to reopen the wellbore after cementing. As sudi. no restriction is needed 
in the casing for accepting or bitching the tool and the portion of casing including the 

10 groovecanbeinstaUedatthestartoffliedrillingopeTation. In addition, die profUe nipple 
can be used to engage other drilling tools and, therefore, can already be in place when the 
final well depdi (TD) is readied. 
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Anchoring Device for a WeDbore Tool 

Fldd of the Invratlon 

This invration relate to an andioring device for a wdlbote tool and, in particular, an 
S anchom^ device for expanding into a liner groove such as for use in a cement fikmt tool» 
bridge plug or packer and me&od Sar using same. In addition, the invention relates to a 
sealing cup, which assists in tiie andioring of atool in a wellbore. 

Background of the Invention 

10 The method of constructing wells using casing as die drill string, where the bottom hole 
drilling assembly is deployed through Ae casing, does not pennit incorporatmg devices 
such as a cement float shoe directly into the casing string in the conventional manner. 
Furthermore, ttie casing cannot be provided witti an internally iqpset interval, on which to 
land a device introduced after drilling, as this would restrict the casing internal diameter 

15 prevaiting deployment of the bottom hole drilling assembly. In Canadian patent 
application CA 2,311460, Vert and Angman disclose a cement float that can be 
positioned downhole in a casing string provided with a suitable profile nipple. 

The function of a typical installed cement float requires it to act as a check valve allowing 
20 flow down a casing string suspended in a borehole but preventing backflow, sealing die 
casing bore fiom diffemrdal bottom pressure. This pressure differential exists during 
well cementmg processes after wet cement is placed in the casing and displaced into die 
bordiole-casiAg annulus by a lighter fluid. It is created by the diffoence in hydrostatic 
head between the cement and lighter (tisplacing flidd, commonly water, and in turn 
25 induces an axial load that must be reacted into the casing. This axial load increase with 
the differential pressure and flie sealed area thus the required structural capaciQr of sudi 
devices is greater for larger diameter casixig and deqper wells. 

Summary of the Invention 
30 A readily driUable cement float tool has been invented, having a novel architecture, 
siqiporting use of non-metal con^Kments and in«sito installation in a wellbore completion 
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operatkm after drilling a iivellbcae 

downhole, pretoably by piiixq[»i]i& and into easB^gaosaat with an internal groove Sonmd 
jfYfa\ Hyft twan^ y^j/M. The gle mgnt of caamg canymg Ae groove is hgein catted the profile 
nipple. As such* no ii^tiiction is xieeded in the casing for ac^ 
5 float tool, and the profile nipple can be installed at the start of the drilling operatioa and 
therefore can already be in place v/bea the final well dq>tb (TD) is reached, hi addition, 
the profile nipple can be used to engage odier drilling tools. 

In accordance with a broad aspect of the presait invention, there is provided a tool for 
10 use in a casing string to be used to line a wellbore, die casing including an annular groove 
somewhere in its length, the annular groove having a diameter greatra^ tten the inner 
diameter of die casing string, die tool siqsportiiig movanrat thioi;^ the casing string and 
comprisioe: 

• a genially tabular mandrel having coarse emeriar grooves, an upper end and a 
15 lower end; 

• a bottom sealing member disposed below the mandrel having a bore dierethrou^; 

• a top seahng member disposed above the mandrel having a bore dierethrough; 

• die top and bottom seal menibers coaxially attached to the respective vppct and 
lowo' mandrel ends; 

20 • a radially resilient anchor carriage having a generally cylindrical outer surface and 
an inner sidewaU into which coarse grooves are placed corresponding to those on 
the mterior of the mandreU the carriage being sized to pass throu^ the casing 
string when compressed and yet elasdcally expandable to have an outer diameter 
greater dian the casing internal diameter and its length bemg selected to be less 

25 than the casing aimular groove lengdi; 

• the anchor carriage being mounted on the mandrel having their coarse grooves 
engaged, where the fit of die grooves dius engaged is amniged to be close with 
the anchor carriage compressed to fit inside the inner diamet^ of the casii^ string 
in which it is to be used and loose fitdng, but still eng^ed> with die andior 

30 carriflgg CTp?n^«d i«*eHed Into the animlar groove of die casing slrir«g: and 
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• die t^ifag membeis cieating a seal b^weea the mandiel and the casing string, the 
seal being soflBcient to substantial^ seal against fluids passing between ttie 
mandxel and tihe casiog string at fluid pressures encountered in a weUbore 
operation during instaUati<m and wiih die anchor carnage latched into the groove 
S ofthe casing string. 

Hie mandrel and 4e anchor carriage are fonned to inl^engage, both when the tool is 
being passed through the casing and the anchor carriage is conq>ressed about the mandrel 
and when Ae tool is anchored into the groove of the casing and the anchor carriage is 
10 expanded into the groove. The angles and the materials of the coarse grooves on the 
mandiel and the anchor carriage are selected to maintain interengagement at the loads 
encountered during installation and operation. 

In one embodim^ the coarse grooves are formed as threads and in another 
1 S embodiment, they are axi-symmetric and exlend drcumferentially . 

The anchor carriage is prefimbly formed as a composite structure having an outer shell of 
durable material such as steel and inner coarse threads formed of drillable material 
attached to the outer shelL Said drillable material comprising the threads is more 

20 preferably a non-metallic such as plastic. The outer shell thickness is selected not to 
exceed the depth ofthe annular groove provided in the casing. The radial compliance of 
the anchor carriage is preferably provided by configuring the anchor carriage to have a 
portion of the wall removed ftom its upper and lower ends to form notches and the wall 
in die mid-section between these notches cut on a helical pattern coinciding with the 

25 location of a thread root to thus create a stmcture where ttie notched upper and lower 
intmrals act as C-rings joined by a spring coil defined by the helically cut mid-section. It 
wiU be sqiparent that application of radial compressive displacement to such a structure 
will have the effect of closing the C-ring sections and tightening die helical)^ cut int^val 
thus overall reducing the anchor carriage diameter, which diameter reduction is resisted 

30 primarily by increase of through-wall flexural stress providing the desired radial 
ccmopliance. It is finrther prefoable if the mid-section of die anchor carriage is coni^;ured 
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as a right hand helix. Under plication of riglit hand drilling torque, the right hand helix 
geometiy of die anchor cBxnags mid-section* vAtm latdied in the groove ttus tends to 
esqpand the helix ^ff^p^B the confining sor&ce of the groove. This engagpment 
mobilizes a fiicdonal sdf-loddng effect and thus tesists rotation making it eader to drill 

S die portions of die tool protrudiz^ into the internal bore of die casrog. This preferred 
c(»nbination of materials and gecunetry thus provides that the tool: can withstand the 
rigoius of pos^ige downhole during installation; has sufficient elastic compliance to 
accommodate the diameter reducdcm required to pamit insertion into die casmgb(»e and 
correlative elastic diamet^ expansion to latch into the groove; but can be drilled out to 

10 permit die removal of substantially all of the tool should dus be necessaiy, for exanopH 
to extend the borehole. 

In an embodiment includu^ cuts along the anchor carriage^ as between helical sections, 
die fiicing edges of die cut can be fonned to engage togedier, as by use of fiictiraal 
IS engagement or a ratchet efiEbct 

In an alternate embodiment^ the radial resiliency of the anchor carriage is provided by 
configuring it to have a pordon of its sidewall removed along its entire length to thus 
create a structure where die entire anchor carriage acts as a C-rixig, 

20 

The tool can be any tool for which is desired to be anchored downhole, for example, a 
cement float, a bridge plug or a packer. 

When die tool is configured as a cem^ float tool it will typically include a bore flirougb 
25 the mandrel e«ten<Kng fiom its iq)per end to its lower end and a flow control assembly 
mountable on the tool to prevent flow of fluicb through die bore of die mandrel at least 
fiom its lower end to the upp&c end It may include a sheaxable plug in sealing position 
widdn die bore to support a pomp down instaUation. In one embodhooent, the mediod 
includes increasing fluid pressure above the cement float tool once die cement float is 
30 latched into the groove to shear the sfaeaiable pli:^ fiom die bore. 
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rngteilation of tili6 tool can be adiieved by caxmmg on iviieline or tubmg or by punoping 

dOWXL 

In accocdaxice a fimfaer broad pmpose of the present inv^ition, a sealing ciq) is 
S provided for a tool to seal against diffeiCTtial pressure about the tool in a wellbore casing. 
He seal aq> comptises: 

• a base having a first end and a second md, a bore therethrough, means for 
attadiment to a tool at its first end and its diameter selected to match or nearly 
match Ike drift or fnini'imim numing diameter of the casing in which it is to be 

10 used; 

• a lower elongate generally tubular interval extending from the base and having an 
outer end where at least one raised circumfersntial external seal land is provided 
adjacent Ihe outer end of the mbular interval, the diameter of the seal land being 
selected to allow sealing engagement with the casing inner diameter in which it is 

IS to be used, the external sur&ce of the tubular interval generally taper fiom die 

seal land to die base, the wall thickness of the tubular interval generally increasmg 
from the outer end toward the base; and 

• the ext^al surface of the tubular interval including an external cup sur&ce 
between the seal land and the base, which under bottom pressure is capable of 

20 conductmg sequige fluid torn adjacent the seal land to the upper end of the base 

to act against pressure invasion about the external surface. 

The seal cup material is selected to be more compliant than that casing material, which is 
generally steel, in which it is to be used and is selected with consideration as to the 
25 pressure loads in which it must seal. Of course, the material used must also be 
considered for thennal response, such as expansion and compliancy, to adiieve a sealing 
action* 



In operation die seal cup tends to be self anchoring under application of bottom 
30 differential pressure, i.e., axial load generated by the pressure differential is reacted by 
Mcdonal aliduig resistance between the seal cap tubular interval and the confining caamg 
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walL This self anchoring mechanism arises beca^ 

end of the seal cup pcsomts diffia:ratial piessuie is applied as an int»nal pressure acioss 
the tubular interval wall. This effect is also pensited by an external C19 surface b 
the seal land and the base, which under bottom pressure is ce9>able of conducting seepage 
5 fluid fiom acfjac^ ib& seal land to the iqqper &tA of the base* This surfiice, which 
permits seepage, can, for 6xanq)le, be toughened, scored, formed with seepage grooves, 
or formed of porous mat^jal. 

The conqiliance of the selected structural plastic, allows the tubular interval to expand 
10 readily under qypiication of modest pressure until it coolacts the nosich lower conqdiance 
confining casing wall. Application of additional pressure serves to directly increase the 
intet&cial contact stress and proportionately the axial force required to induce frictional 
sliding betwem Ae seal c\q> tubular interval and fte casiog walL Axial load arising fimn 
diffei^aitial pressure acting across die base may thus be reacted in part by tension where it 
IS is joined to die tubular interval, reducing or even eliminating the axkl pressure end load 
that needs to be reacted duough the anchor carriage. 

It will be appreciated that this self-anchoring mechanism greatly reduces the load 
capacity required from an anchoring system on a tool and thus, enhances the anchoring 
20 properties in a tool. For example, with consideration as to the anchoring tool described 
hereiiiL above, in combination with shear area efSciencies gained by reacting load from 
the mandrel into the anchor caniage duough coarse thread engagement, this seal cup 
architecture provides a substantial inqirovement m die ability to use lower strength, 
reacfily drillable nutoials in die mandrel and anchor carriage. 

25 

Brief Description of the Drawfaigs 

A furdm, detailed, description of die invention, briefly described above, will &llow by 
reference to the following drawings of specific embodiments of the invention. These 
drawings depict only typical embodiments of die invention and are dierefore not to be 
30 consid^ed limiting of its scope, in the drawing: 
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Figure 1 is a vertical section thiDi]g)i a poctioa of well caamg iscloditig a cement float 
tool according to flie present invention in a configuration for passing ttirouj^ the well 
casing as it would qppear being pumped down die casing during installation; 

S Figures 2 and 3 are vertical sectionai views of die cement float tool of Figure I in latdied 
positicms in a portion of well casing. In Figure 2 die float valve is open permitting flow of 
fluids downwardly ihrou^ the cement float tool, while in Figure 3 die float valve is 
closed preventing reverse flow dieredirough; 

10 Figure 4 is a perspective view of a bottom cup seal according to one aspect of the present 
invention and usefiil in a cement float tool accc»ding to the present invention; and 

Figure S is a perspective view of an anchor carriage usefiil in a cement float tool 
accordir^ to the present invention as it would ^ear expanded. 

15 

Figure 6 is a perspective view of a main body, with a key way and key, usefiil in a 
cement float tooL ' 

Figure 7 is a perspective view of an anchor carriage useful with the main body of Figure 
20 6. 

Description of the Preferred Embodiments of the Invention 

Referring to Figuies 1 to 3, a cem^t float tool 10 according to the preferred embodiment 
of die preset invention is shown. Cement float tool 10 is configured to pass through a 

25 tubular string of casing, a portion of which is shown at I. Casing 1 has a specified 
tninimiim inner diameter IDi, commonly referred to as the drift diameter, so as not to 
limit the size of a tool tfiat can pa^therethrougjh. An amnilar groove 2 OFigures 2 and 3) 
is placed, as by machining, in a profile nipple 3 adapted to connect into tiie distal end of 
the casing string by, for example, threaded coimections illustrated by the casing to profile 

30 nipple connection 6. The diameter D2 in groove 2 is sli^tly larger than the mimmum 
inner diameter of the casing tubing. The cement float tool is configured to be punqped 
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Huoiigh a string of casing and to latch into and be retained in flie annular gn)ove, as will 
be moxe fiiUy described heretnafier. The annular gcooro 2 is fibnned to permit die cement 
float tool to be accepted without consideration as to the rotational orientation of the 
cement float tool in the casing. 

5 

Figure 1 shows the cement float tool in a position bemg moved fttrough a section of 
casmg while Figures 2 and 3 show die cement float tool 10 secured in the casing in the 
annular groove of a profile nipple. 

10 Referring now to Figure 2, cemrat float 10 includes a mandrel 11 joined to top seal ciq> 
12 and bottom seal cup 13 by generally sealing upper and lower threaded connect!^ 14 
and IS respective^. Ihese parts have a longitudinal bore 17 ifaeceduougli extending 
fiomiqiper end opening 18 in top seal cup 12 to lower end c^enit^ 19 in bottom seal ciq> 
13. The cement float is sized to pass through IDi, of tiie size of casing in which it is 

IS mtended to be used with seal cups 12, 13 sealmg agamst the ID|. Upper and lower 
threaded connections 14 and IS respectively, are provided to facilitate manufecture and 
ass^tnbly and to allow more optimal selection of mat^ials. 

Top seal cup 12 is formed fiom a compliant (relative to casing material), drillable 
20 material, such as poljnarethane, and can have a sur&ce coating of wear resistant material. 
Top seal cup can include at least one elongate upper lip 20, configured with at least one 
external upper seal land and selected to adequately seal between the casing and main 
body against top pressure required to pump the cement float tool down the casing until 
latched in the profile nipple 3 and any subsequent top pressuring as may be required to, 
2S for exanqple, fidl a shear plug as described hereinafter. In the illustrated embodunmt, 
i^er seal cup 12 includes two lands 21 having their diameter length and spacing selected 
so as to span smalt gaps such as at a cotmection illustrated by the position of the seal 
lands in connection 6. Thus described, it will be qiparent to one skilled in the ait that top 
seal cup 12 is generally configured in a manner known to the industry for a cementing 
30 plug, a cement wiper plug or a padcer axp. 
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Similaily, bottom seal cap 13 is fianned fixun a coo^liaiit (lelative to casing material), 
drillable stmctaial material sucb as fiber tetiifoiced potyuietfaane selected to operate 
. mider tiie pressure loads to be expected in operation* It is shq>ed as by molding or 
mpch^niwg to have a base 22 integral wifli an elongate seal tube 23 having its xcpipcr end 

5 24 attached to die base 22 and its lower end 25 open» thus forming a downward &cing 
cup. The external snr&ce 26 of bottom seal cup 13 is profiled to have at least one slightly 
raised circumferential external seal land 27 on the seal tube lower end 25, with diameter 
selected to allow seating or near sealing engagement witti casing inner diameter, sucii as 
the profile nipple 3 directly below groove 2 in vfiach it is to be used, a diamet^ at the 

10 base 22 closely matdiing the dsiSt or minimum running diameta* and Ike intervening 
interval 23 * ^ctendii^ fiom seal land 27 to die seal tube upper end 24 generally tapered to 
blend with the base 22. Refenixkg now to Figure 4, Ac external snr&ce 26 is fimhor 
provided wifli a circumferential seq>age groove 28 directly adjacent the seal land 27 on 
ite base 22 side and one or more seepage grooves 28' ^tending fix>m the seal land 

15 upward toward the base, vAdch grooves are sized to permit passage therethrough of well 
bore fluids that mi^t seep past lower seal cup 13 when acting to seal against bottom 
pressure. Extemal surface 26 can further be provided with surface acting wear resistant 
material, to provide durabili^ against damage during, for example, during run in. 

20 Referring now to Figure 2, the extemal sur&ce of the mandrel 1 1 carries extemal coarse 
threads 29 creating a means of structurally reacting loads firom the cement float tooL To 
ensure adequate load transfer capacity while yet being readily drillable^ mandrel 11 is 
preferably made fix>m a rigid, strong yet frangible material such as a reinforced phenolic 
or higih ternperature graiadar reinforced resin based grout 

25 

A radially resilioit andun* carria^ 50 is mounted coaxially about mandrel 11 and 
provided vnfb, intanal coarse threads 51 aiga^ng &e external coarse threads 29 of 
mandrel 11 toge^ter forming a tibreaded connection therebetween. Numerous variations 
in the coarse thread form, such as say buttress thread fomas, may be employed to achieve 
30 various design purposes within the scope of the present invention, however a symmetric 
V-thread having an included angle of approximately 90% Le., die angles of stab flank 53* 
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and load flank 53"* with respect to the tool axis both qipraximately 45^ from the long axis 
of the tool, as illusttated here in its prefened embodiment, was finmd to provide 
satis&ctory ponqi down and anchor perfiannance combined with suxq)iicity of 
manufacture. 

5 

Re&aonng also to Figure S, in its preferred embodiment, the anchor caniage SO is formed 
as a composite structure having an outer shell 52 of durable material such as steel 
attached to an inner lay^ 54 made of a weaker more drillable and compliant material, 
such as fibre reinforced polyutethane, into which the inn^ coarse direads 51 are formed. 

10 The thickness of outer shell 52 is selected not to exceed the depth of the annular groove 2 
provided in the profile nipple 3 and into which the anchor caniage is to land such that the 
high strength outer shell 52 need not be drilled out when drilling out the remainder of the 
cement float tool to the casing internal diameter IDt after cmienting. To fiurdier enable 
load transfer between inner layer 54 and outer shell 52 the mner surface of outer shell 52 

15 is provided with a plurality of spaced internal grooves 55 engaging matching teeth 56 on 
the eicterior of the inner layer 54. The internal grooves 55 may be axi-symmetric, helical 
or a combination, and aie Teadily placed by machming, as for sample multi-start threads 
having a pitch corresponding to that of the coarse threads 51. The engaging teeth 56 are 
readily created by casting die material comprising the inner layer 54 into the internal 

20 grooves 55 cut into the shell 52. Even more beneficial load transfer capability is achieved 
where the internal grooves 55 and mating teeth 56 are shaped to have teveacse angle flanks 
57, so as to create a dove-tail joint interconnection. 

The radial resilience of anchor caniage 50 allows it to be compressed down to fit inside 
25 die diameter lOi of the casing I for installation (Figure 1) and yet elastically expand 
(Figure 2) sufiELcient to enj^e the groove 2 of the profile nipple 3 when released, 
Coireq>ondingly« the geometry of fhreaded connection 53 is selected to ensure anchor 
carriage SO can sufiSciently compress for installation, as shown in Figure 1, and yet still 
provide substantial engagement with the mandrel and, therefinre, load transfer when 
30 expanded into groove 2 as shown in Figure 2. 
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The ladial coBopIiaace of anchor caniage 50 is prefoabfy piovided by oonfiguring h to 
have a portioQ of its wall removed fiom its ends to fozm vpper and lower notches S8 and 
59 reqpectivet/ and a helical cut 60 placed throiis}i the wall in mid-section 61 between 
notches 58 and 59 and coinciding with the location of die root of die intemai coarse 
5 direads 51. This combination of notches connected by a helical cot thus create a structure - 
where the ends about tqsper and lower notdies 58 and 59 define what behave as upper 
and lower C->ring intervals 62 and 63 respectively, which intervals are joined by a spring 
coil defined by the helically cut mid-sectioh 6L It will be apparent that ^plication of 
radial conq>xessive displacement to such a structure will have the effect of closing the C- 

10 ring sections 62 and 63 and tightening the helically cut mid-secdon interval 61 thus 
ov^»ll reducing the diame^ of the anchor caniage 50, which diameter reduction is 
resisted primarily by increase of through-wall flexural stress providing the desired radial 
resilience. The circumferential width Wn of notches 58 and 59 is selected to 
accommodate a diameter reduction of the C-ring int^als 62 and 63 sufiScient to pmmt 

15 insertion of the anchor carriage into casing of minimum intemai diameter ID|. Relating 
now die anchor carriage as shown in Figure 5 mounted on mandrel 11 as shown in 
Figures 1 to 3, in another aspect of the preferred embodiment the lower notch 59 may be 
further utilized as a means to mate with a key 64 fastened in the corresponding exposed 
interval of the mandrel 11, where such a key locks the relative rotational position of the 

20 anchor carriage 50 on the threads 51 of the mandrel to prevent 'unthreading* occurring 
during installation and to further resist drilling torque loads applied to main body 16 
during drill-out In particular, when pin 64 is rigidly secured to the mandrel and in, for 
example^ notch 59, the carriage cannot rotate past the pin, to be threaded off the mandrel. 

25 It is useful to configure die helically cut mid-section interval 61 of the anchor carriage 50 
is configured as a right hand helix. This geometry is preferred because under application 
of right hand drilling torque as would typically be used to drill out the cement float tool> 
die right hand helix geometry of the anchor carriage mid-section 61, when latched in 
groove 2, tends to expand the confined helix, creating a fiictional self-locking effect 

30 resisting rotation and dius inqnoving drill-out performance. 
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In a& alternate embodunent, fhe radial tesilience of andior (»riage SO is achieved by 
omitCmg the heli^^l cut 60 and one of the xxppet or lower notches 58 and 59 and extending 
the remaiipng notch along the full l^igdi of the anchor carriage to ihus oeate a structure 
where Ihe mtire anchor carriage SO acts as a C-dng. Where the radial conq>liance is tbus 
5 obtained widi a C-ring structuze, the mterlocking teeth of the coarse threads 53 may be 
provided as axi'-symmetric rings and grooves as a further variation of this alternate 
embodiment. In titiis configuration, the Cdng must be 'sprang open* to &cilitate initial 
placentient of the anchor carriage SO onto die mandrel 11. 

10 Referring now to Figure 2, afloat valve or check valve is positioned in bore 17 of main 
bocfy 16 to pennit only one-w^ flow fhoethrougb fiom upper end opening 18 to lower 
end opening 19. While other one-way check valves such as* for example, ball valves, are 
use&U Qie illustrated check valve is a flapper valve 70 and includes a flapper 71 mounted 
via a hmge pin 72 to a flqqper valve housing 73. As will be appreciated by a person 

IS skilled in the art, flapper 71 is fom^ to seal against a seat 74 formed at the lower end 
opening 19 in the base 22 of lower cup 13 when a flow of fluid tends to move through the 
bore in a direction from lower end opening 19 to upper end opening 18 (Figure 3). 
Flapper 70 is normally biased into the sealing position against seat 74 by a spring (not 
shown) such as, for example, a torsion spring acting about hinge pin 72. Flapper valve 

20 housing 73 may be secured to lower cup base 22 by various means including threaded 
engagement with the inside annular sur&ce 76 of recess 77 provided in bottom seal cup 
base 22. Other valve types such as, for example, ball valves can be used, as desired, 
provided that they are durable enough to withstand die passage of cement diereOirougiL 
fn other embodiments, seal is provided in (he bore of the mandrel and in other 

25 embodiments an end of the mandrel extends out past one or bodi of the seal cups 12, 13. 

Refeiring now to Figure 1, for pumping downhole, a teleasable plug 80 is disposed in 
bore 17. Releasable phig 80 is selected to remain in plugging position within bore 17 up 
to a selected maximum pressure. At pressures above the selected maximum pressure, 
30 ping 80 is driven out of bore 17. While many suitable pressure releasable plugs are 
known, the illustrated cement float tool includes a plug having a flange 81 s^lingly 
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engaged cm an upset shoulder 82 in top seal cop 12. When pressure acting agafaist the 



phig txidy and the plug is eq>elled fiom bore 17. The lei^ of plug 80 may be selected 
sodh fliat it extends past flaiqper valve 70 thus mitigating against possible damage to 

5 £l^er71 when die phig is expeUedIhe plug can be retained by sev^aldiff^ 

sudi as, for example, bonding of flange 81 into shoulder 82. In another embodiment, a 
bu^ plate is used rather dian a plug diat is expelled la a standard compl^onopCTtion, 
die selected twftvimum pressure for expelling die plug is greater than die nonn^ pressure 
required to punqi the plug down die casing. For example, die pressure to pvasp down a 

10 cement float tool would typically be less than SCO psL In a one embodiment, releasatble 
plug 30 is selected to remain in place in the bore unless fluid pressures above die phig 
exceed about ISOO psL 

Referring now to Figure 2» anchor carriage SO has a lengdi between its leading edge SO' 
15 and its trailing e^ 50" diat is less dian the widdi w of groove 2 such diat die anch<v 
carriage 50 can completely expand into die groove. Groove 2 is formed widi upper and 
lower shoulders 4 and 5 respectively, tiiat step generally abruptly from Dj to IDi. The 
exposed comers of upper and lower shoulders 4 and 5 are preferably radiused or 
chamfered to &cilitate movement therepast of equipment, for example during drilling, 
20 However, any radius or chamfer should not be so great as to inhibit or jeopardize firm 
latching of the anchor carriage 50 into groove 2. When the anchor carriage 50 expands 
into groove 2 it becomes latched in it by abutment of leading edge 50* against lower 
shoulder 5 of groove 2 (Figure 2). Upwards movement of cement float tool 10 is limited 
by abutment of edge 50" against the upper shoulder 4 of die groove 2 (Figure 3). The 
25 outward feeing comer of leading edge 50* is preferably curved or chamfered Id fe cilitat e 
movement througfi the casing string and over disoontuxuides such as might occur at 
casuig connections. Any such curvature or diam&ring, however, must be of a limited 
radius or depth so as to avoid interference widi secure latching of the anchor carriage 50 
into groove 2 and abutment against lower shoulder 5. 




30 
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Figures 6 and 7 show another embodimrat of a cement float tool. In the ilhistiated 
embodiment, ttie cairiage and mandiel axe formed such dial fbe caixiage is detachabfy 
engaged to the mandrel vitbsa the carriage is conq^ressed against the main body, bat wiU 
be released fiom engagement with the main body when the carriage is allowed to expaod. 
S In the illustrated embodiment, a key is enqiloyed to lock the carriage to the main body 
(mandrel) when the carriage is compressed onto the mandrel to accommodate insertion in 
die casing. This alternate embodiment reduces the drag produced by the carriage while 
traversing the casmg interval as reqpured for pmxq>ing downhole, thus enjoying the 
further benefits of: requiring less differoitial pump down pressure across the upper 
10 sealmg member (seal cup) which lower differential pressure in turn tends to reduce wear 
on the upper sealing member, reduced wear on the outer surface of the anchor carriage 
and less chance of the tool becoming studc at locations where the casing inside cross 
sectional area is reduced or constricted such as connections (particularly where such 
constrictions occur abruptly). 

15 

This key lock architecture uses a generally rectangular cross section elongate key fittmg 
into matching keyways provided through the plastic internal threads of the generally 
helically cut anchor carriage and the external threads of the mandrel analogous to the well 
known means of keying a shaft to say a pulley, preventing relative rotation. The keyways 

20 are aligned when the carriage is in its compressed position on the mandrel as required for 
running through the casing prior to latching into the profile nipple. With respect to the 
key, the keyway in die carriage is arranged to be loose fitting and the keyway in the 
mandrel close fitting or preferably tight fitting so that once mstalled the key tends to stay 
eo^ag^ in the mandrel keyway slot with respect to relative radial mov^ent Locking of 

25 the key to die mandrel may be furdier assured by the use of small fasteners, such as 
screws, or glue. The dq»th of the key with reject to the anchor carriage thread height is 
arranged so that within die range of radial expansion possible when the carriage is 
travelUng in the casing die keyway engages the key but under die greater outward radial 
expansion allowed when the carriage enters the profile nipple and tends to expand the 

30 keyway will become disengaged firom die key over at least its lower length so as to 
permit the carriage to expand and thus simultaneously uncoil along ite helical inlervaL 
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Thus anang^ it will be cvidksA when xunoiog in die casing die key tends to prevent the 
cairiage t acting as a coiled helical spring, fiom expanding by reacting die forces allowing 
uncoiling primarify fhrongb the key and into die mandrel. It will be qqiarent diat at die 
mds of die heHx diere is an inward radial component to the foioe required to maintain 

S engagement of the helix in the key. The lower end of die keyway in die carriage helix 
fhns acts as a latch where depmding on the angle of contact between die keyway and die 
contacdng lower edge of the key, die latch can be ananged to tend to release, unless 
restramed by an external radial force as provided by contact with die casing* In a manner 
known to die art, this angle is selected widi reference to the tn-situ friction coefficient to 

10 ensure release when entering the profile nipple but odierwise arranged to nunimize the 
radial force applied by the casing to thus reduce wear and drag and obtain other benefits 
as described above. 

In operation, prior to cementing cement float tool 10 is placed inside casing 1 > suspended 
in a wellbore, and displaced downhole by punq>ing fluid, typically drilling fluid, into the 

15 proxil end of the casing string. Top seal cup 12 tends to prevent flow of such fluid past 
the cement float tool creating a downward axial force as a function of the applied top 
differential pressure required to overcome drag where the top seal cup 12, bottom seal 
cup 13 and anchor carriage SO contact the casing. In general, the sum of these drag 
conqKUients must not require excess installation pressure. To prevent such excess drag 

20 from vpi^ cap 12 seal friction, in the prefmed embodiment, die wall thickness and 
lengdi of the seal lip ace selected in combination with the diameter below die seal land 21 
so that under differential pressure loads required to puxap down die cement float tool a 
clearance is maintained between die seal lip and mtemal sur&ce of the casing except at 
the iq^er seal land 21 to prevent contact developing outside die seal land while yet 

25 providing sufficient compliance to ensure an adequate seal will be formed under die 
expected variations in internal casing diameter. Drag arising from the tendency of the 
elastically conq>ressed anchor carriage to expand against the confining inside diameter of 
die casing is affected by frictional interaction between the engaged stab flanks 53' in the 
coarse direaded connection 53 as the drag load is reacted between the anchor carriage 50 

30 and mandrel 11. Selecting too shallow a stab flank angle results in a tendency for the 
cement float tool to *jam' during installation^ however as more fiilfy d^ciibed below, this 
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angle also affects tbe anchor stnictural behaviour. As indicatfrf earlier, the iUustrated stab 
flank angle of approxaxMOy 45° (with iesi»ct to the cement float tool axis) was 
sulBSciently steep to prev^ janmiing. Drag arising from the bottom seal cop 13 during 
ipi^iiatiiin natuiaUy tends to be minimized as this downward fiu^ing cap is not loaded 
S under top pressuring required for punq> down. 

Once the cement float tool has been displaced downward to the point vidiere die anchor 
carriage is latched into the groove 2, application of top pressure produces a downward 
acting axial load that is transmitted tfarougli die mam body 16 and coarse dneaded 
connection S3 Where die iltnstrated stab flank angle.of qyproximately 4S° is suflSciffldy 
shallow to promote e^qpansion of die anchor carriage, i»essing its outer shell S2 outward 
and into positive contact widi the confinmg sur&ce of groove 2. This action tends to 
ensure die anchor carriage is pressed outward and fiiUy engages the groove along its 
length and especially at lower shoulder 5 where the remaining axial load is reacted into 
the casing, it will be apparent that the interacting mandrel and anchor carriage functions 
as an anchor so that pressure load sealed across the top seal cup is reacted by the anchor 
into the casing allowing the releasable plug 80 to be blown out and the flapper valve 70 
to function as a check valve during flow of fluids as required for cementing. 

Following placement of the cement behind the cement by displacement vnih a lifter 
20 fluid as requited in a typical completion, reduction of pomp pressure at the proxil end of 
die casing string results in a tendency for the heavier cement coimnn to. 'U-mbe* back 
into die casing. Referring now to Figure 3, this flow is prevented by die flapp^ valve 70 
widi consequent increase of difl^pential bottom pressure across bottom seal cxsp 13. Initial 
bottom pre^ure load across the bottom seal cup 13 tends to make it inflate, seal and slide 
25 uphole; but diis sliding is soon prevented by the interaction of the anchor function of die 
cement float tool» in an analogous fashion to top pressuring, where the illustrated load 
flank 53" angle of g^jpioximately 45°, like the stab flank 53% causes positive radial 
engagement between the anchor carriage shell 52 and the groove 2, preventing jump-in of 
the anchor carriage SO. But imlike die transient top pressure load required to fail and 
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expel teleasable phig 80, sealing against bcyttom difiBBrential pxessuxe mast be sustained 
until die cemfflt sets. TUs may take several hours under typical downhole conditions of 
elevated taqperatuie and dififerratial pressure. If the bottom seal asp 13 onty 
provides a sealing fimction, the fiiD pressure end load must be borne by the threaded 
S cormection S3 for tibis time p^od. Under such conditions, tiie stress carried by the 
plastic, preferably used to form the internal coarse threads S 1 , tends to cause creep, which 
over sufiScient time will lead to &ilure» It will be appar&at that where such thread creep 
occurs, the bottom cup 13 will continue to slide. 

10 However, when configured according to the teachings of the present invention, lower cup 
13 has a terulency to resist such sliding through a pressure activated self anchoring 
mechanism. This self anchoring mechaiiism is iiiduced under appUcation of d^ 
pressure ficom below because tibe location of the external seal 26 at the lower end of the 
seal tube 23 hi combination witfa the seqiage grooves 28 and 28* ensures the fiill 

IS pressure differential occurs across the wall of seal tube 23, tending to cause it to expand, 
contact and become restrained by the profile nqiple 3, under application of sufficient 
pressure. Application of additional pressure serves to increase the interfacial contact 
stress, which contact stress gives rise to frictional resistance to axial sliding of the seal 
tube 23. The combination of selecting the lower cup material to be more compliant than 

20 the casing and ensuring minimum clearaace is maintained between the seal tube and 
profile nipple 3, as taught herein, promotes contact at lower differential pressure and thus 
greater resistance to sliding for a given differential pressure. The wall thickness and 
length of seal tube 23 are arranged to promote self anchoring under application of 
dif&roitial pressure where the wall thickness of seal tube 23 is generally tapered to 

25 tfiicken fiom its lower end 2S to its upper end 24, and its length selected to be long 
eru>ug|i to ensure all or a significant amount of the differential pressure end load for the 
intended application is ttuis reacted by dus self anchoring mechanism. The wall thickness 
is thickened to ensure axial strength to resist sliding is increased coordinate with the 
length of seal tube in contact with the casing wall, while yet minimiring the hoop 

30 stifBiess to encourage earlier wall contact witt increasmg pressure and thus optimize 
resistance to sliding. As described, the bottom seal csvcp is seen to functton both seal 
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against bottom pressure and react fte associated end load so diat the aiuiior fimctiQa of 
ttie cement float tool is largely required to correctly locate the tool and fiinction as an 
initiator at lower pressote untii Hie self anduning mechanism of the bottom cop is fidly. 
activated. 

It will be ^parent that many other change may be made to the illustzative embodiments, 
while &Iling within die scope of the inventicn and it is intended that all such changes be 
covered by the claims appended hereto. 
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Claims: 



1. A tool for iise ia a casing string tote used to lixiB a wellboie, casing incliiding 
an <^nnnigr gnxive somewhere in its lengSi, die annular groove having a diameter greater 
S than the inner diameter of tiie casing string, the tool supporting movement thioiigh the 
casing string and comprising: 

• a generally tubular mandrel having coarse exterior grooves^ an upper end and a 
lower end; 

• a bottom sealing member disposed below the mandrel having a bore therethrough; 
10 • a top sealing member disposed above the mandrel having a bore theretlirough; 

• the top and bottom seal members coaxially attached to the respective vsppesr and 
lower mandrel ends; 

• a radially resilient anchor carriage having a generally cylindrical outer surfece and 
an inner sidewall into whidi coarse grooves are placed corresponding to those on 

IS Hie exterior of the mandrel, the carriage being sized to pass through die casing 

suing when compressed and yet elastically eiqiandable to have an outer diameter 
greater dsan the casing internal diameter and its length being selected to be less 
than the casing aimular groove length; 

• the anchor carriage being mounted on the mandrel having their coarse grooves 
20 engaged, where die fit of the grooves thus engaged is arranged to be close with 

the anchor carriage compressed to fit inside the inner diameter of die casing string 
in which it is to be used and loose fitting, but still engaged, wifli the anchor 
carriage expanded and latched into the annular groove of die casing string; and 

• the sealing members creating a seal between the mandrel and the casing string, the 
25 seal being sufficient to substantially seal against fluids passing between the 

mandrel and the casing string at fluid pressures encountered in a wellbore 
operation daring installation and with the anchor carriage latched into die groove 
of the casmg string. 



30 2. 



The tool of claim 1 wherein the coarse grooves are formed as dueads 
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3. Hie tool of claim 1 wberBm 4ie coarse gioovies aie axi-symmeiric and exteod 
ciicunifisfeiitialfy. 

5 4. The tool of claim 1 wfa«^ the andior carnage is fbnn^ 

having an outer shell of a first material and inner coarse threads formed of drillable 
matoial, attached to flie outer ^elL 

5. The tool of clwn 4 wherein the outer shell thickness is selected not to exceed the 
10 depth of die annular groove porovided in the casing. 

6. The tool of claim 1 vAmem flie amdior carriage inchides a C-rintg portion to 
provide radial resiliency. 

IS 7. Tlie tool of claim 6 where the anchor carriage includes a C-rmg at each end a^ 
helically cut spring coil section joined therebetween. 

8. The tool of claim 7 wherein the helically cut spring coil section is configured as a 
right hand helix. 

20 

9. A sealing cup is provided fi>r a tool to seal £%ainst differential pressure about the 
tool in a wellbore casing. The seal cup comprises: 

• a base having a first end and a second end, a bore therethrough, means for 
attachment to a tool at its first end and its diameter selected to match or nearly 

25 match the drift or Tw^nTmum running diameter of the casing in which it is to be 

used; 

• a lower elongate genially tubular int^val extending fiom die base and having an 
outer end where at least one raised circumferential extemid seal land is provided 
adjacent die outer end of die tubular interval, die diameter of the seal land being 

30 selected to allow sealing engagement widi the casing inner diameter in which it is 

to be used, the external sur&ce of the tubular interval generally taper fiom the 
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seal land tp the base, the wall thirJf"»^ nf tfie tuhnlar intgivai gmeially increasing 
fiomtfae outer end toward tiie base; and 

between fbe seal land and Hie base» which nnder bottom pressure are capable of 
conducting seepage fluid fiom ad^cent the seal land to the iqipa endof flie base 
to act against pressure invasion about the extmal sur&oe. 
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